Collisional parton energy loss is revisited within a simple model assuming incoherent elastic scattering of on-shell projectile partons on partonic constituents of the QGP with HTL screening. The thermal motion of plasma particles is carefully taken into account. Results on dE/dx are found to be consistent with other authors. There is a significant discrepancy in the energy loss pattern for the cases with thermal motion on and off, which illustrates the importance of taking the kinematics into account exactly. The dependence on the mass of the partons forming the plasma is included in the calculations and its influence on the collisional energy loss is studied. The mass hierarchy of collisional energy loss is found to have a strong dependence on the mass introduced for plasma particles. Due to difference in the mass hierarchy with radiative energy loss, the collisional one when included increases the relative suppression of heavy quarks compared to light quarks.
Introduction
'Hard probes' that is observables connected with high-p t particles, produced at central rapidity in a collision of heavy ions, are regarded as an effective instrument for testing properties of the matter created in that collision. The production process of a high-p t parton has a very short typical time scale, of the order of 1/p t , while the typical hadronization time scale is large, which means that partons hadronize outside of the medium created. Hence, provided one knows the mechanisms of high-p t parton production and hadronization, information about the parton propagation between production and hadronization can be used to extract certain properties of the medium.
One of the most striking features observed in the collision of heavy ions at RHIC is a strong suppression in high p t inclusive cross sections for light hadrons and non-photonic electrons, so-called 'jet quenching', which is commonly attributed to energy loss of partons (quarks and gluons) propagating in medium before the hadronization. Generally speaking there are two kinds of processes which lead to the energy loss of fast partons, namely elastic and inelastic. Inelastic interactions accompanied with gluon radiation due to kinematic reasons are the dominant mechanism at high parton momentum they are found to be capable to describe observed supression in pionic cross sections, and until not too long ago the contribution of elastic processes was assumed to be negligible. Recently, RHIC data on non-photonic electrons have raised the question whether a radiative mechanism alone is sufficient to explain the energy loss for heavy quarks (especially b). This has revived the interest in elastic collisions as an additional source of parton energy loss.
From the medium side, radiative energy loss is fully characterized by a single parameterq, which is the average transverse momentum squared transferred to the parton by the medium per unit path length. The relative amount of the energy loss of massive quarks is fully determined by the ratio m/E of the projectile. This fact sets up mass hierarchy of the radiative energy loss: the energy loss is smaller for larger projectile mass, and this mass hierarchy stays unchanged with the variation ofq.
In the existing models of collisional energy loss (e.g. [1, 2] ) the medium is usually described as a thermalized bath of quarks and gluons. Here energy loss is fully characterized by the temperature of the medium which determines its density and thus the rate and strengths of interactions. However it is still unclear from the experimental data whether this picture is fully applicable in heavy ion collisions.
At the same time, in contrast with radiative, collisional energy loss and its mass hierarchy in particular, should be sensitive not only to the density of the medium, but also to the ability of the medium to absorb recoil. One can expect this from simple kinematic reasons. Consider a classical example of a collision of two billiard balls with different masses, the projectile ball moving and the target one being at rest. In a case of light projectile and heavy target, the projectile will be simply reflected at some angle without any considerable change in the absolute value of its momentum. And vice versa, a heavy projectile just will not feel the light target and will simply roll over it. However, when masses of the projectile and the target are equal, we could have a 100% projectile energy loss in a head-on collision, at other centralities energy loss will still be considerable. At the same time, for a relativistic projectile with m/E ≪ 1 the dependence of energy transfer in a collision on the ratio of the masses should disappear. It is important to stress that the arguments above follow from kinematic considerations only. Thus one can expect a non-trivial dependence of the collisonal energy loss of a fast projectile propagating through the medium on the particular properties of the latter.
Here we address this question is some detail. We model the ability of the medium to absorb recoil simply by attributing its partons some mass m t which we consider as a parameter.
Model of collisional energy loss
In recent models proposed to describe collisional energy loss, the medium is modelled either by quarks and gluons in thermal equilibrium [1, 2] , or, to simplify consideration, by a number of massive scatterers at rest [3] . In the spirit of these approaches we model the medium as a set of quarks and gluons with uniform distribution in space and isotropic distribution of momentum. These quarks and gluons are given a mass m t which we consider as a model parameter. We additionally assume that the projectile p scatters incoherently off partons which constitute the medium. Then the amount of energy transferred by the projectile Q to the medium is proportional to the number of scattering events, that is
which, in turn, is written in terms of the elastic cross section integrated over the momentum directions of the incoming particle and the momentum distributions of quarks and gluons (n q (k), n g (k)) in the medium:
In the elastic Q − q scattering cross section, we take a leading t-channel exchange with hard thermal loop regularization for the matrix element [4, 5] . This is the starting point for a number of calculations [6, 7] . We approximate the quark-gluon cross section as
The mass m t of the scatterers in the medium is a free parameter, which we vary. We do not make any assumption on the smallness of masses both in matrix element and phase space volume in computing cross sections.
For the momentum distributions of quarks and gluons in the medium we take a thermal one
with n f = 2. We keep distribution the same irrespective of m t in order to disentangle effects originating due to recoil properties of the medium from other effects which appear due to changes in m t (decrease of densities, modification of momentum distributions, etc.).
As partonic projectiles, we consider light quarks (m q = 200 MeV), charm quarks (m c = 1200 MeV) and bottom quarks (m b =4750 MeV). We make calculations for the following set of parameters: The temperature, which enters the matrix element through the propagator and which fixes the momentum distributions n q (k) and n g (k) is taken to be T = 225 MeV. The in-medium path length of the projectile is L = 5 fm. We make calculations for m t = 200, 450, 680 and 1000 MeV.
As one can see from Fig. 1 , the fractional collisional energy loss drops with increasing m t at high projectile mometum as expected. For m t = 200 MeV our results coincide with what has been obtained earlier for massless scatterers [1] . What is interesting, is the less trivial dependence of heavy quark energy loss on m t . Increase of m t leads to an increase in the energy loss for b quarks, whereas energy loss for the light quarks drops. This effect s clearly illustrated at Fig. 2 we plot ratios of heavy quarks energy loss to that of light quark The last question which we address here is the relative strength of collisional energy loss compared to the dominant radiative contribution, and how collisional energy loss could change mass hierarchy set up by the radiative. For this purpose we redraw Fig. 2 for the sum of radiative and collisional contributions. To evaluate radiative contribution we use ADSW quenching weights [9] withq = 1 GeV 2 /fm and fix the pathlength at the same value of L = 5 fm, the set of parameters being close to the one which produces the relevant factor 5 suppression in inclusive cross sections [8] .
As one observes at Fig. 3 , if we include collisional contribution, total energy loss of heavy quarks relative to that of light quarks, increases with respect to the case of radiative energy loss only. This effect is especially pronounced for b quarks the ratio rising from ≈ 0.1 to ≈ 0.4 for m t = 1000 MeV, so that mass ordering of radiative energy loss ∆E Q ≪ ∆E light q transforms into ∆E Q ∆E light q for m Q ≫ m light q .
